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TO: 	C. R. Weisbin, J. H. Marable"and M. L. Williams (ORNL) 
FROM: 	J. MQKailfelz, D. Rinaldis, and R. W. Carlson 
SUBJECT: 	Progress Report for ORNL Subcontract 3986 
Period April 1-30, 1979 
1.  Introduction  
This belated report is to confirm information already transmitted 
by phone to Jim Marable and Mark Williams, and to document in detail 
some of the techniques of LWR modelling we have used. These details, 
while not appropriate for a report to EPRI, are of interest for our 
further investigations. 
Progress Made: Cell calculations were performed for the Turkey Point 
PWR to determine 2-group cross sections, and the first rough reactor 
calculations were accomplished with CITATION. Much has been learned 
about the problems and techniques of modelling a LWR for such calculations. 
Problems  
o The appropriate division of the work effort for the joint re- 
search with GE has become unclear, because of the uncertainty 
as to whether GE will receive their requested funding. The 
associated uncertainty in the level of participation by GE 
impacts on the role that Georgia Tech should fill, and we 
propose to redefine this role if GE funding is not assured 
within one week. 
* w/o appendices 
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o Documentation for the power reactors for which isotopics are 
to be calculated in the EPRI project has not yet been received. 
While we presently have plenty to do with the critical lattices, 
the desired documentation should be obtained shortly for plan-
ning. Possibly EPRI CCM-3 is sufficient. 
2. Joint  Work With GE  
No appreciable progress was made on this task in April, for several 
reasons. During April Dario Rinaldis did not start work on the task 
until the latter half of the month, and his time was spent on familiarizing 
himself in detail with some of the theoreticalaspects of this work. Further, 
because of the uncertainty about the level of GE participation mentioned 
in section 1, we felt it unwise to invest much time in this project until 
our priorities are clear. E.g., if G. E. does receive funding they would 
handle the major COROPT runs. This influences the priority of initiating 
at ORNL the new version, COROPT-I [1]. 
3. PWR Calculations  
Using the documentation for the Turkey Point #3 Reactor [2] supplied 
by Odelli Ozer, we have performed some preliminary calculations for the 
first cycle of this reactor. This reactor is a relatively small (2200 MWth, 
- 750 MWe) Westinghouse reactor located at Miami. 
We have established that we can perform runs on the Berkeley CDC, 
by performing a TRX-2 run supplied by Vann Baker. We then attempted an 
EPRI-CELL calculation using the sample input given in [2], but the 
execution was only partically completed due to an error. Lacking the neces-
sary information for the Berkeley version to locate the error, we decided 
to delay further EPRI-CELL runs until the ORNL version was operational. 
-3-- 
Meanwhile, we generated 2 group cross sections by performing cell 
calculations for the various fuel pins and burnable poison rods, using 
MACH 1 [3] and the 26 group Bondarenko cross section set (ABN) [4] for the 
fast range (1 eV - 10.5 MeV) and THERMOS [5] for the thermal range. 
Details for mock-up of one of these cells is included in Appendix I. 
For the MACH calculations we also obtained a "thermal" group value, 
which included groups 23-26 of the ABN set. Group 26 is the 2200 m/s 
value, and contains no spectral correction. Thus, as expected, the 
THERMOS a
a 
values for the thermal group were generally about 20% lower 
than the MACH results. Exceptions were isotopes such as Pu-239; 
because of its large resonance at about 0.3 eV, its THERMOS a
a 
value 
was higher than the MACH value, because of the hardened spectrum. 
Figure 1 gives the spatial dependence of cp for several thermal energies, 
for the 3.1% enriched outer core fuel pin. 
The entire reactor was then modeled in R-Z geometry, and the first 
417 day cycle was calculated with CITATION [6]. Some details of this 
model are given in Appendix II. 
The model has some rough approximations, and is still being improved 
and debugged, in on-going calculations. However, considering the 
approximations made, the results are encouraging. k eff at BOL is about 
0.95. The Ak during the cycle is about 9%, agreeing well with the 
experimental value, and the EOC Pu-239/U-235 power ratio is about 50/50, 
typical of a PWR. 
4. Thermal Transport Cross-Sections in EPRI-CELL  
I have not yet had time to study the problems discussed by R. E. 
MacFarlane [11] in detail, but plan to do so. Nonetheless, following 
are some rather spontaneous comments which I believe are pertient to 
the problem. 
(a) Frankly, I am suprised that the transport corrections were 
applied to the a
t 
used in the THERMOS solution. It seems clear that 
this will influence the THERMOS solution convergence, etc. As 
pointed out by MacFarlane, the original THERMOS program [7] solves 
equations which were developed for isotropic scattering, and I can 
find nothing in the EPRI -CELL documentation which indicates any 
changes in this basic assumption. The general development of the 
THERMOS equations is outlined in Appendix III. Thus, i f Gtr is 
placed in the a position used in the THERMOS solution, it seems 
likely that inconsistencies will be encountered. It is my opinion 
that a
tr 
should be used in THERMOS only in the group cross section 
edit, and I have more comments on this in (c) below. 
Thus I agree with what I believe is one of MacFarlane's conclusions 
in his March 30 letter, that only P
o 
cross sections should be used in 
the THERMOS solution. Furthe 	more, it does not seem suprising that, as 
mentioned in his April 18 letter, "The THERMOS calculation still refuses 
to converge with transport corrected data." 
(b) Possibly there is some approximation which allows a transport 
cross section to appear in the THERMOS foLmalism, e.g. by diagonali-
zing the El(E'÷E) matrix [9], but if so I have not yet found it. 
(c) As MacFarlane points out, data from EPRI-CELL is to be used 
in diffusion codes. As discussed succintly by Travelli [12], using 
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only gE,r) there is no truly correct way to collapse the microscopic 
transport cross sections, so that they are consistent with the 
definition of the macroscopic value, E tr
. This is related to the 
fact that D(E) 	1/E 
tr(E) 
 in what appears in the diffusion equation. 
Several popular options for a tr averaging are [3,11] 
	
tg 	 <o > - 





< o- > = a (E) 	(E)dE tr g 	tr 
where g and j refer to group g and the integral over its energy 
,/ a 
range. 
Definition (1) is generally considered more appropriate for 
diffusion theory calculations, because it at least gives more importance 
to the energy range where
tr (E) is small, as should D g . Equation (2) 
is more appropriate for transport theory, but it is the expression used to 
determine the THERMOS "output" which is used in diffusion theory. 
(d) Based on counitents (a) and (b), trying to make a transport 
correction in THERMOS seems inconsistent, and results with such 
corrections are suspect. Thus a comparison between results with 
and without such a correction are presumably not appropriate to 
draw conclusions about the importance of the inclusion of P1 
scattering, if it were possible. 
(1) 
(2) 
The small pin fuel-water "interface" problem is of course not 
equivalent in detail to the Milne problem for a quasi-infinite H2O 
slab, but it does have many similarities. 
For calculations I did at Karlsruhe eons ago [9], the average 
energy of the thermal spectrum leaking from the H 2O into the vacuum 
was 3-4% lower for the isotropic scattering assumption than for 
calculations including the full El(E'-÷E) matrix. The latter calculations 
agreed well with experiments [10]. 
However, generally the gradients in the cell problem are not 
as strong as for the Milne problem. Honeck supports the accuracy of 
the isotropic scattering approximation as follows: 
"We define the birth-rate (or emission) density as [equation 
given] which is the angular distribution of neutrons following a 
collision. The birth rate density will be nearly isotropic if 
either the scattering process is nearly isotropic or the neutron 
density is nearly isotropic. Both of these conditions are reasonably 
well satisfied since the scattering kernel for thermal neutrons is 
more isotropic than for high energy neutrons due to thermal motion 
and binding, and the gradients (and hence the anisotropy) of the 
flux in a lattice is generally small." [7]. 
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FROM: 
	
J. M.Qtcallfelz and D-..Rinaldis 
SUBJECT: 	Progress Report on Work for ORNL 
Subcontract 3986, Period May 1-31, 1979 
1. Summary 
The work described in this memorandum is related both to investi-
gations of LMFBR performance with COROPT, and calculations of the Turkey 
Point 3 PWR. Accomplishments this month have been: 
o A model of the PRPCDS reactor has been developed for use in 
Sensitivity Analysis related to COROPT. 
o Areas which could lead to inconsistencies between the COROPT 
reactor model and that used in the sensitivity codes have been identified. 
o A comparison has been made between the COROPT results and those 
from a GE neutronics code, for the PRPCDS reference reactor. 
o We have improved the model and cross sections used to calculate 
the Turkey Point 3 PWR first cycle with CITATION, and some comparisons 
between calculations and experiments are reported. 
Plans for next month's work: 
o We have proposed a series of relatively simple calculations, using 
many results already at hand, to illustrate the influence of correlation 
between integral parameters on the estimated variance of costs. 
-2- 
o Work utilizing EPRI/CELL to analyze BAPL-1 has just been initi-
ated, and will be continued. Particular attention will be paid to 
problems of convergency in the ORNL code version, and to the consistency 
of results for the general and engineering input cases, as well as their 
consistency with results for other codes such as THERMOS. 
2. COROPT Input Analysis 
Before beginning a detailed description of topics that we have inves-
tigated and that have involved COROPT [1] runs it is appropriate to 
describe the principal characteristics of the COROPT input for the nuclear 
parameters. In fact the one peculiarity of the method utilized in this 
code is the impossibility of the designer's direct specification of several 
parameters which can be input in neutronics codes such as CITATION. 
Several examples of this characteristic are given below. 
2.1 Enrichment  
The core zone enrichments are determined with the correlation given 
on page 4-24 of Reference [1], which involves volume fractions of the 
various components, geometric information, and data related to the cycle 
length and power. These enrichments are determined at BOEC and at EOEC. 
2.2 Thermal Power  
The thermal power, which influences the burn-up characteristics, is 
also not directly controlled by the input. Rather, it is calculated 
from the required electrical power, and the pumping power which is 
determined by various input parameters such as the assembly design, core 
AT, etc. 
-3- 
2.3 Loading Zones  
Figure 4.5 of Reference [1] shows the R-Z model used in COROPT 
for the burn-up calculations. Nine different loading zones can be used, 
with 3 zones each for the core, radial blanket and axial blanket regions. 
However, the user can control the geometry and BOL enrichment only of 
two core zones, while for the other regions the user can only specify 
the homogeneous region size. The code then subdivides the regions 
into zones. 
2.4 Control Rods  
In the R-Z model apparently the contol rods are not explicitly 
included. However, input includes control rod description, which is 
used to determine the appropriate region volume fractions for fuel, 
structure, etc. for the criticality calculation. 
3. A Consistent Model for the PRPCDS Reactor 
In our May 14 Memorandum [2], we proposed a GE (PuU)0 2/UO2 refer-
ence model for the Proliferation Resistant Preconceptual Core Design 
(PRPCDS) [3-5] for studies of the impact of design data uncertainties on 
reactor performance. Several points were outlined concerning consistency 
of the above model with the COROPT model. Further investigations are 
necessary to insure the consistency of our model for some other parameters. 
To examine the consistency of the COROPT model and performance para-
meters with those for a neutronics code [3], we performed a COROPT calcu-
lation for the PRPCDS model and made more complete investigation of the 
results than was done previously [6]. Because of differences in the 
cross section data used in [3] and to obtain the correlations in [1], 
-4- 
some differences would be expected. Furthermore, Ed Kujawski [7] has 
indicated that there are some errors in the results of [3], (the reported 
breeding ratio is several % high, while the cycle fissile gain is 
believed to be about 15% too large) so a comparison with these values 
cannot be conclusive. 
Table 1 shows the difference in the enrichment values and a com-
parison between GE [3] and COROPT results for the most interesting 
nuclear parameters. While a closer agreement would be desirable, the 
differences for most parameters are small, especially if we assume that 
the fissile mass loading for COROPT does not include U-235. Thus for 
the parameters we have considered it appears that the results of the 
old version of COROPT [1] are sufficiently consistent with other results 
for initial investigations of the topics proposed for joint work with GE. 
4. Calculations Proposed to Illustrate the Influence of Correlation 
between Integral Parameters on the Variance of Costs 
A general expression for the variance of the cost due to integral 
parameter uncertainties is given in Reference [8] as: 
VAR($) = 	cova.j.) 
3 1. aa$ 1 j 
j 
(1)  
where $ is a cost, 
I1,i 




is the convariance matrix that takes in account the correlation 
between I. and I,. 
1 








 ) = 2,' 	h COV(a
i 
 ,a.) 
. 	. . . 
1,3 
(2) 
* A subsequent examination of the code verified that the COROPT fissile mass 
indeed includes only plutonium. 
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Table 1 Comparison between several nuclear performance 
parameters calculated by COROPT and those 
reported in Reference [3]. 
Performance Parameter 
Thermal Power (Milt) 
Breeding Ratio 









Enrichment core zone 1 BOEC/EOEC (%) 10.5/10.9 9.9/10.0 
Enrichment core zone 2 BOEC/EOEC (%) 14.1/12.4 13.8/12.7 
** 
BOEC Fissile Mass 	(kg) 3635(3485) 3392 
Fissile GAIN/cycle (kg) 308 295 
* 
The results printed in the COROPT output indicate that these are 
BOL and EOL values, but an examination of the code shows that they 
are calculated for the BOEC and EOEC. 
* * 
The value in brackets, is the value without U-235 contribution. 
-6-- 
The objective of our calculations will be to evaluate, by COROPT runs, 
	










ratio and the enrichment, while $ represents one of the costs determined 
by COROPT, i.e. the fuel cycle cost. 
We propose that the calculation of the covariance matrix, Eq. (2), 
will be the principal Oak Ridge contribution to this work. To obtain 
useful illustrative results quickly, we suggest that Oak Ridge calculate 
the covariance matrix, Eq. (2), for the integral parameters utilizing 
the covariance data files and sensitivity coefficients already calculated 
for the LCCEWG reactor in Reference [9]. In this study calculations 
were performed for the sensitivity coefficients of the breeding ratio 
and k, and we would like this information for the BR both with and with-
out k-reset; we believe the latter is consistent with COROPT. 
The results of these calculations will be related to enrichment 
charges utilizing a simple proportionality factor for the enrichment and 
k, also to be calculated by ORNL. 
Equation (1) can then be used to calculate a cost "variance", employing 
cost sensitivity coefficients to be calculated at Georgia Tech with COROPT. 
Naturally this will not be the true variance, since we have not included 
all the significant parameters. 
However, a comparison of the results of Eq. (1) with a simpler 
equation given in Reference [8] which ignores integral parameter correlations 
2 12 
;1 SD($) = {IE [2. L SD(I. 	I (3) I. 
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should be of interest because the two results will illustrate clearly 
the impact of integral parameter correlations on economic uncertainty 
calculations. It should be noted that Eq. (3) is similar to expressions 
used in earlier studies [10], which did not include correlation effects. 
Further, the SD(I.) terms are part of the covariance matrix we request 
ORNL to calculate. 
The goal of this work is to have these calculations completed soon 
enough so that an ANS summary can be mailed by 22 June, for presentation 
at the San Francisco ANS meeting. 
5. Analysis of the Turkey Point 3 PWR 
5.1. Calculational Methods  
As discussed in last month's progress report [11], cell and reactor 
calculations have been performed for the Turkey Point 3 PWR, using docu-
mentation provided by EPRI [12]. The model used has been improved and 
debugged this month. 
The codes MACH 1 [13] and THERMOS [14] were used to generate two-
group cross section sets for the various regions of this reactor, as 
described in [11]. 
The entire reactor was then modeled in R-Z geometry, and the first 
417 day cycle was calculated with CITATION [15]. Two core zones were 
considered: 
(a) the "inner core" is composed primarily of two types of fuel 
assemblies (see diagram 2.2-1 of [12]). Fifty three of these elements 
have a fuel enrichment of 1.86 w/o, while 52 are "type 2" assemblies with 
2.56 w/o fuel enrichment and 12 burnable poison rods per assembly. 
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This zone was homogenized into a zone with an average fuel 
enrichment of about 2.2 w/o, with the burnable poison smeared over the 
region. 
(b) the outer core consisted of 52 fuel assemblies, 16 of which 
also contained burnable poison rods. 
The details of the reflector modeling have been described in [11]. 
For the burnup calculations, the following approximations were made: , , 
(a) To a first approximation, burnable poison burn-up and fission 
product generation compensate each other. Therefore, in our model fission 
products were not considered, nor was the burnable poison depleted. 
(b) The soluble boron was kept at its BOL concentration (800 ppm) 
during the entire cycle, rather than searching for its concentration to 
maintain criticality at each time step. 
(c) Normally one bank of control rods is inserted about 10% into 
the core during operation. However, we could find no definite information 
on this topic in the documentation, and ignored the control rods in the 
calculations. 
Of course, the two primary fuel chains, i.e. burn-up of U-235 and 
breeding of plutonium through Pu-242, were considered. 
5.2. Comparison with Experiment 
5.2.1. k
eff 
The BOL initial calculated 
keff' 
 with burnable poison and soluble 
poison included, was slightly greater than 1.0; the input enrichment was 
reduced about 1.5% in the search for criticality at BOL. Considering the 
approximations made to generate the cross section set, this result is 
surprisingly good. 
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The calculated Ak during the cycle was 7.9%. This is to be compared 
with an experimental value of about 10%, based on the average value of the 
soluble boron worth from the hot zero power experiments, and a boron con-
centration decrease of about 750 ppm as obtained from the boron let-down 
curve for the cycle. Inherent in this comparison is the assumption stated 
above that the burnable poison depletion and fission product build-up ap-
proximately compensate each other. 
5.2.2. Power Distributions 
Diagram 2.4-2 of [121 provides experimental radial and axial power 
distributions. Since the inner core consists of a "checkboard" arrangement 
of several types of assemblies, the power values at different points the 
same radius from the core center will scatter somewhat. A detailed com-
parison with the results of our R-Z model is thus not particularly meaning-
ful, since the "average" values at different radii from the core center 
are difficult to define. Furthermore, our model apparently still needs 
some refining, since at BOL the inner core power density was too low 
compared to that in the outer core, and actually sloped slightly toward 
the core center. 
We calculated only 1/2 the core, so our calculated axial profiles 
are symmetric about the core midplane. Nonetheless, an examination of 
calculated and experimental axial distributions shows several interesting 
phenomena. For the curves discussed below, the experimental values are 
the average of the results from detectors 20 and 28, both located in fuel 
elements in the corners of the square of eight elements surrounding the 
core central element. The calculated values are arbitrarily normalized 
to show the differences in the calculated and experimental shapes aearly, 
-10- 
Figure 1 compares BOL axial power profiles. The "skew" of the curve 
toward the top half of the core would of course not be calculated, for 
the reason mentioned above. However, the physical reason for this skew 
is not understood. I have discussed this behavior at length with 
several PWR experts, particularly Roger Carlson. Roger was quite 
surprised at this behavior and said that all the physical phenomena he 
is familiar with would predict a skew toward the bottom of the reactor: 
Figure 2 shows that our calculations failed notably to predict 
the EOC power depression at the core center. We treated fuel burn-up 
and breeding properly, so presumably this failure is caused by our 
assumptions about burnable poison and fission products, mentioned in 
, 5.2.1. While their depletion and build-up, respectively, may approxi-
mately compensate for each other on a global basis, this is presumably 
not true locally. For our ARM? calculations these effects will of 
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MEMORANDUM 
TO: 	C. R. Weisbin, J. H. Marable, and M. L. Williams (ORNL) 
QED 
FROM: 	J. M. Kallfelz, D. Rinaldis, M. Segev, and P. Levin 
E=P=D 
E SUBJECT: Progress Report on Work for ORNL Subcontract 3986, Period June 1 
-30, 1979. 
1. Summary  
Our accomplishments this month are related to both sensitivity ana-
lysis and ARMP calculations. 
o The calculations proposed in last month's progress report 1  to 
illustrate the influence of correlation between integral parameters 
on the variance of costs have been completed, and the resulting ANS 
.summary is attached as Appendix A. This joint work involves the GE 
code COROPT and ORNL cross section sensitivity calculations. 
Further related considerations involving the k-reset mechanism are 
given in Appendix B. 
o Methods employed in EPRI/CELL for the preparation and use of group 
cross sections have been investigated by M. Segev, and various 
observations and suggestions concerning these methods have been made. 
o Our new co-worker, P. Levin, has familiarized himself with the 
calculational facilities available, and the CPM and EPRI/CELL code 
methods. He has initiated calculations of the BAPL-1, -2, and -3 
lattices with EPRI/CELL. 
Plans for next month's work are as follows: 
o The major portion of the joint work involving COROPT and ORNL 
sensitivity calculations will be temporarily discontinued, awaiting 
decisions on the future of this program. A minor effort will continue 
regarding the k-reset considerations of Appendix B. 
o Of the EPRI/CELL methods discussed in Section 2, it appears that 
the most promising topic for short-term investigations is related to 
area 2.5. Meir Segev plans to concentrate in his remaining time on 
this topic, namely a consistent definition of the 0
o 
parameter 
required for use of the f-factor tables. 
o P. Levin's main priority will be to begin CPM calculations, and 
initiation of the code on the ORNL computer, once the necessary 
material is received from EPRI. On June 29 we were told by 0. Ozer 
that he should be able to send some material in about a week, so we 
expect it soon. Until its arrival, P. Levin will perform calculations 
and analysis of the above-mentioned BAPL criticals. 
2. Review of Cross Section Preparation Methods in EPRI/CELL (M. Segev)  
Following are brief summaries of observations and suggestions relat-
ing to the methods employed in EPRI/CELL for the preparation and use of 
group cross sections. 
Detailed discussions and/or derivation of formulae can be found in 
Reference 8 . A coherent and final section on the deviation of formulae 
and their implications will be attached to the next monthly report. 
2.1 The Pin Absorption Cross Section 
The pin absorption cross section is related to the resonance integral 
as follows 
	A 	  
a 
a, g 
1 - (1 + A n ) 
r I Au 
(2) 
where A is the group width (in lethargy) r n and p the neutron and capture 
widths of the resonance, A the narrowness parameter of the resonance, and a 





The NAI prescription for a
a
(I)
2 neglects the second term in the denom-
inator. This led to low values of aa , as evident in Table 6 of William's 
letter to Ozer, June 19, 1979.
3 An approximate correction to the NAI 









where ao is a 
Gentry in the cross section tables (such as Table 6 of 
William's, mentioned above). This correction brings the NAI values up so 
that they are more in line with other evaluations.
3 ' 4 
2.2 Cell Averaging of Cross Sections  
Presently no account is being taken of the fact that the average pin 
flux per cm is depressed in comparison with the average moderator flux per 
cm
3 ; therefore, the cross sections that enter the P1 or B1 calculation are 
volume averages, not flux-volume averages. 
In order to apply correct cross section values to the point diffusion 
calculation one must have a formula for the flux depression, namely a 
formula for the ratio 4)fuel / tioderator* 
 Through discussions with Odelli 
Ozer and Bob McFarlane,
5 I found out that Bob derived an expression for 
fuel / cell' 




a cell 1 + (
e + Aapfuel
) 	(1 - 	V— 
Ron Cobb pointed out that B-1 is the default (see input parameter PHITYP). 
(3) 










51 3.08 4.13 4.17 3.59 3.59 
53 4.20 6.52 8.12 7.61 7.61 
57 5.39 9.92 11.56 12.64 12.65 
a
o 
 = 100, 	300 ° 
51 10.65 11.9 12.05 11.04 
53 15.58 18.4 20.46 19.93 










is the group fuel absorption cross section, a e 
is the escape cross 
section and a the moderator cross section. 
This formula for the flux depression compares well with Rabble runs.
5 
Furthermore the BAPL-1 k
eff 
is .969 without, and .987 with the application 
of the flux depression to EPRI/CELL cross sections.
5 The above formula is 
contained in a letter from McFarlane to Ozer of a few months ago, which Bob 
will send us. 
2.3 On the Use of the Improved Removal Treatment 
The macroscopic removal cross section is related to the escape proba-
bility and absorption cross section via 
X - 1 + P 
= E 






are the removal and absorption group cross sections, P is 
g 
the resonance escape probability for the group, and X g  is the fraction of 
neutrons entering the group out of the total number of neutrons that slow 
down past the top of the group. 
In EPRI/CELL X is taken as 1.
2 This means that the IRT can be 
g 
applied only for very large groups for which X(hydrogen) :1. Presently the 
IRT is applied to the lowest fast group to provide slow-down from the fast 
library to the thermal library. 6 In this application there seems to be 
little error introduced by the assumption Xg  = 1. However, due to the 
underestimation of E
a,g 
by the NAI procedure (as explained in section 1 
above), theE will also be underestimated. 
R,g 
(5) 
2.4 Interpolation of Self Shielding Factors 
At a given temperature the F factor is very well represented by
7 
for a large range of background a values. In this formula 0 and a
pk 
are 
numerically determined parameters. 
Applying the above formula as an interpolative means, a and a
pk 
are 
determined by two F-table entries, namely F( a l ) and F(0 2 ) or briefly F 1 and 
F2 . The interpolation formula which results is 
F(a) = 2 	 2 	2 	2 
(1 - F2 ) 0 2 - (1 - F1) 02 + (F2 - F) a 
This formula should give very good results even in a regions where 
F(a) is steep; and it removes the need to rely on mathematical devices for 
interpolating on a steep function, such as using the log of the function. 
A version of this latter device is currently implemented in EPRI/CELL.
2 
2.5 The Effect of Small Changes in Resonance Parameters on the Resonance 
Integral  
Utilizing the functional form of the previous section for F(0) one can 
derive the following expression for the relative change in the resonance 
integral incurred by small changes in r , F n  and a -- respectively, the 
Y n 
capture width, neutron width and total background cross section (including 
ap  of absorber, ap  of other elements and the escape cross section): 
SI 	1 	 1 n 	2 
1 	
sr 






FT- + (1 - F ) (1 - ) ] a 	 F 
X 
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+ 	- (1 	F
2
) (1 - 	)] ( S r n ) 21,71  n 
2 	2 	 2 	 2 
Fi (1 - F2 ) 02 - F
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The formula applies for a single resonance when changes in r and r 
are considered. It can be applied to a group of resonances when a change 
in d is considered. 
, There was an error in the first draft of this report 8  (copies to 
Williams, Weisbin, Kallfelz), in the coefficient of 6/ 0-). The conclusion 
then drawn that the coefficient of (6a/a) was extremely high for low F 
values was wrong. 
The formula above takes into account changes in F induced by the 
changes in resonance parameters. 
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Appendix A to ORNL Progress Report dated July 8, 1979 
EVALUATION OF INTEGRAL PARAMETER CORRELATIONS AND REACTOR 
PERFORMANCE USING NUCLEAR DATA COVARIANCES 
by 
D. Rinaldis and J. M. Kallfelz (Georgia Tech), 
E. Kujawski (GE-Sunnyvale), 
and 
J. H. Marable (ORNL) 
A previous study' in our joint investigations illustrated the 
importance of considering the strong interplay of nuclear, mechanical, and 
thermal-hydraulic (T-H) aspects in assessment of reactor design. In this 
summary we discuss methods for utilizing covariance information to evalu-
ate integral parameter correlations and the associated economic uncertain-
ties. 
We illustrate the impact of such correlations with an example which 
employs only nuclear data covariance files, but the method is meant to 
include non-nuclear data as well. Indeed, the inclusion of the latter has 
become more practical with the growth of data banks which contain informa-
tion on uncertainties of T-H and mechanical properties 2 and the develop-
ment of sensitivity theory for T-H problems. 3 
ENDF/B covariance matrices, [COV], contain information on both the 
standard deviation, SD, and correlation of various cross sections. 4 The 
use of [COV] to calculate SD for the breeding ratio, BR , and the 
multiplication constant, k, have been discussed in reference 5. For an 
integral parameter, I, e.g.. BR or k, 
3 I  
VAR (I) = E 3 
	
aa. COV (ai , aj ) 
1 ,i 	1 	J 
where the partial derivatives are sensitivity coefficients 5 and the 
variance, VAR, is SD 2 . 
This formalism can be extended to estimate the standard deviation of 
electricity cost using 






$ = fuel cycle cost (or another reference value, such as core cost 1 ) 
I
i 
 = integral parameter i, and 
COV(I.,i.) = covariance matrix element describing the correlation 
	
 
between I i 	I.. For i = j this element is SD 2 . 
1 	3 




k' I 1 	Da 
) = E 	
Do 	
COV (ai , a.). 
k 
j i 	3 
(3) 
The cost sensitivity coefficients, D $/ a I i , can be calculated with 




) can be calculated with the methods described 
in references 5 and 7,. 
If one assumes no correlation, the [COV] matrix in Eqn. (2) has only 
diagonal terms, and 
VAR ($) = E [ - 37
$ 
 SD I. 2 
	
(4) 
Expression (4) is similar to the expression used in reference 8 to 
obtain the uncertainty ranges of fuel costs and various integral 
parameters, at a time when detailed covariance information for neutron 
cross sections was not available. 
For the following example we limited the integral parameters to BR and 
the critical enrichment, c , so the results of Eqn. (2) are not the true 
variance since not all significant integral parameters are included. 
Furtherinore, the absolute values are influenced by uncertainties in the 
economic parameters we used (from the sample case in reference 6) and 
differences in methods used to determine the integral parameters in COROPT 
A 2  
and the codes used in reference 5. However, the difference between the 
results for the relative variance, VAR ($)/$
2 , from Eqns. (2) and (4), 
calculated in a consistent manner, is significant. It demonstrates the 
influence on the estimated cost uncertainties of considering the integral 
parameter correlation. 
The reactor considered for this example is that described in the first 
problem issued by the Large Core Code Evaluation Working Group (LCCEWG).
9 
The calculation of the integral parameter [COV matrix of Eqn. (3) was 
accomplished with the cross section [COV j matrix and sensitivity 
coefficients available from the work reported in reference 5,while the cost 
sensitivity coefficients of Eqns. (2) and (4) were calculated with 
COROPT.
6 It should be noted that ENDF/B-IV covariance matrices were used, 
and the values of the cross section [COV] could be considerably different 
if adjusted cross section values 5 were used. 
The integral data sensitivity coefficients ; @I/ as and cost sensi-
tivity coefficients 3$/ 31 used were consistent in that they were both 
true partial derivatives, with all other parameters fixed. Thus, the 
COROPT runs were sensitivity runs with no "reoptimization"
1 ' 6 of the design 
after the integral parameter change, while the BR sensitivity coefficients 
used from reference 5 were those without an enrichment change for "k-
reset". Note that the correlation between BR and the critical enrichment 
is included in Eqn. (2). 




0.55. 	( e using the calculated value — -7- is the critical 
enrichment; hence the negative sign.) 
A3 
Calculated values of interest are given in Table 1. The correlation 
coefficient, defined in the table footnote (B) of 0.89 indicates the strong 
correlation between BR and E . As expected, considering this correlation 
reduces the relative variance of the fuel cycle cost appreciably, with an 
associated reduction in SD($). This demonstrates the importance of 
considering such correlations in evaluating the uncertainties in the 
economic performance of various reactor designs. As suggested in 
reference 1, such uncertainties may influence the decision process. 
A 4 
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TABLE 1 Some Calculated Results for an Example Considering Two 
Integral Parameters, BR and c (see text) a ' b 	For These 
Values $ is the Fuel Cycle Cost, 4.335 mills/kwh 
From Eqn. (2) 	From Eqn. (4) 
Parameter 	(with correlation) (without correlation) 
VAR($) 	 3.41 -03 	 4.99 -03 
($) 2 
SD($) 	 5.84 -02 	 7.06 -02 
SD($) 
	
0.25 mills 	 0.31 mills  
kwh kwh 
a. The following calcualted values were used to obtain the above results: 
BR 9$   
$ '3 BR 	 a; s e  
	
- -1.14; -$ 	
= 0.35 
SD2 (6) 	COV(BR,e)  
6 2 BR •c 








    
SD(e) 	
SD(BR) = 6.1% and b. Note that = 3.6%
' 	BR 
COV (6, BR) 
Correlation coefficient - 	 - 0.89 SD(c)•SD(BR) 
A7 
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Appendix B to ORNL Progress Report dated July'8, 1979 
Some Considerations on Explicitly Including a k-reset Mechanism in 
Evaluation of Integral Parameter Correlations and Reactor Cost Performance 
The study discussed in Appendix A. used sensitivity coefficients 
which did not include a "k-reset" mechanism. As mentioned on page A3, 
the correlation between the breedidg ratio (BR) and critical enrichment 
is included in the formalism used. The following comments are not meant 
to be complete, but to stimulate discussion on the covered topics. 
B.1. General Comments 
B.1.1. Independent and Dependent Variables 
The k-reset mechanism is somewhat analogous to the question of 
independent and dependent variables for cross section sensitivity 
calculations [B1]. As discussed in ref. Bl, a choice must be made 
between Crib or one of the partial cross sections as a dependent variable. 
The most usual choice for the dependent variable in the high energy range 
has been 014 , which in some sensitivity codes [B2] is changed when 
another partial Cr is perturbed, to keep obit constant. 
This suggests that in the example considered in Appendix A, one might 
assume only one independent variable, BR, with enrichment being a dependent 
variable adjusted to keep k constant. This led to the comparison of the 
two approaches in section B.2, below. However, this analogy should not 
be carried too far, for as discussed in the next section cross sections 
are independent input variables, while the integral parameters are 
functions thereof. 
B-2 
B.1.2. Independent Variables and Functions 
While it may seem too obvious to mention, some care must be exercised 
in rewriting terms which involve quotients or products of partial derivatives. 
Equations (9) and (10) of [B1) give/examples of the form 	
19 
 ,z.)4.  and 
where 	4) 	9D( X i 	- 	 ) 	uj ;11-4 
C, X , 	can ci  
In our case of interest, 4) n $, (u,v) 	Ik and (x,y)" c5 . 
As an example, for the cost sensitivity coefficients 0Aalta term 
^rr (:) 	would be analogous to the k-reset term in cross section sensi- 
tivities. However, since k and BR are different functions of the independent 
variables, such a term can not be defined. In some cases it may be 
sufficient to use ratios of derivatives with respect to some independent 
21<p B 
variable, i.e. e s -isT 	where in this appendix the enrichment and 
critical enrichment are designated by E. and E r.. , respectively. (Note 
that in Appendix A E is the critical enrichment.) 
As an example of the potential pitfalls, consider the following. 
In the development in Section B.2, terms appear of the form a E c. 
j//c4 tz 
Tic. 
This can not be considered VTIR 	, which is determined by the Pu 
gain term of the fuel cycle cost. 	 is determined primarily by 
inventory charges. 
This point can be illustrated numerically with the following values 
from Appendix A and reference 5 of that appendix. 
GR.] 
am 3 S- 
E.
9 • — 
	
€ a k 	o . s1 - • • E a 0P. 
k 	 ) k €. 
 





c a;t. \ 	E 
Thus Cir- 	) 13 R. a E- - 0,32  




    
     
B.1.3. Numerical Differences in Var($) for the Different Approaches 
The main contributor to VAR($) in Appendix A is the term involving 
s 	13  
the 	11 6.1%. For SD of the breeding ratio involving k-reset, 
SD
r
(BR), this value is much lower, namely 3.12%, as reported in ref. 5 
of Appendix A. 
Furthermore, one would expect the cost coefficient accounting for 
k-reset enrichment changes ) etz r to be smaller than 2 • If BR 
increases, $ decreases due to increased Pu gain. But due to the correlation 
between BR and Erc , one would expect 	to also increase, tending to 
increase $. 
The proper definition of 	
r
is not clear to the author, and aaR
needs more consideration. As discussed in section B.2, the cost coefficients 
associated with k-reset mechanisms can be defined more easily when costs 
coefficients are defined for individual cross sections, as in eqn (5) 
of [B3]. However, the following definition seems plausible, and serves to 
Z1$ 
illustrate the reduction in Tefd y. . 
Assume 	4ck, 	k 	( / 4)TE.62 T... Yda 	 a 
where a = (. 0-) /(1-:.) 
Thus 
B-4 
Or, using values given in section B.1.2, 
e2 .a9(- I 	/. 4 4- o. 	 0. 9, a 	(, -s1 
.-i3A? 
Then, if we assume that for the case in Appendix A there is only 
one independent variable, BR, with k-reset effects included in the sensi-
tivity coefficients: 
lz 	aek r / 
1312 2' 
(-0.82)1-(0,o3)2_)2- 	G. S S —4 	(8_..6) 
This value is considerably lower than the values in Appendix A. In 
the following section we will analytically examine the difference in 
the expressions for the VAR($). 
(B-7) 
B-5 
B.2 Analytic Examination of Expressions With and Without 
Explicit k-reset Term 
In this section we will write and compare the analytic expressions 
for VAR($) for two cases: 
Case 1. Two independent (but correlated) integral variables, 
and BR. 
Case 2. One independent variable, BR, but with "k-reset" in 
the sensitivity coefficients. 
We convert 	
1 	
COV(k,BR) to 	COV(E c' BR) as described k'GR 	 6 c. • OM 
in Appendix A, by multiplying the former by 
It is conceptually preferable to define this conversion factor as 
(B-8) 
Thus we have assumed that k changes are compensated with enrichment. 
Furthermore, while we speak of critical enrichment for this 
example, the same formalism holds for a BOL k, slightly greater than 
1.0 to allow for the cycle isk. 
B.2.1. Two independent (but Correlated) Variables 
Considering first Case 1, we use the same expression as in 
Appendix A: 
V ," (S) -r- (4,rs.D(eR) 
2 37i. 	Cod/ (E  e/2) 	(B-9) 
s ■ 
B-6 
B.2.2. One independent Variable with "k-reset" Effect in Integral 
Parameter Sensitivity Coefficients 
Considering Case 2: 






(a 1) 	coy, (e6-,EQ 
GR _ 	1 0 62 	coy czr; 	(B-11) 
ZYZ:j. j 
p.11! 	l< 
(See ref. 5 of Appendix A.) 
Rewriting terms in eqn. (B-11), 
5 .L.) r k no rc 	4  j-z 2 f ----- --_- -1- a  a<5 a6-...) 	'LT,- a cs-s 	 (B-12) 
r‘ 2 ( 00 '" N 1 	?t OR IS'R 3k A k , z. 
i.j 	 ak ,)s•R 	ak ci•re -I 
— L E .:- s — < 7 -_ - 5-&- . 4- FG--- • S-C7-'" i ( C5-; °:1. )1 i 	j 4 	i 
j -7-. 	2,-- h 	
3 k 	13. 02 ---- cl 0 v Co-; cr. '2-12 1 




where b = 
(B -11a) 
[l in 
A $ j 
Thus, from eqns. (B-12)and (B-13): 
Sp r.-1- CER):: 5D2 (13R) ÷13'sD2 (k) -210 GoV (ER,k) 
C..0\./ (62, E,) =-_ c.. o v(ER,),.) 
Therefore 
(B-13) 
s Dr2- 	SDI (13 YR) + C.2 	- 
where C- 	Ec. / k 
considering that 
Wt"-- 
co v( 13R, E. c ) 
B-7 
Equation (B-16) is interesting, in that one sees the same factors 
present as for Case 1. in eqn. (B-9), i.e. SD 2 of BR and Ec , as well as 
COV(BR, E3 • 
As a matter of interest, it appeared during our initial investigations 
that using eqn. (B-16) in eqn. (B-10), but with 3--Fa. without a 
c) 
k-reset term instead of a in eqn. (B-10) yielded the same  R2 1r 
result for VAR
r ($) as did, eqn. (B-9), which is for case 1. However, 
this result was proved later to be wrong, caused by errors in rewriting 
terms involving products and quotients of derivatives (reference 
sec. B.1.2.). 
4 Continuing with the development of eqn. (B-10), we now need to define 
beR 1 r  . The problem in defining this term has been discussed in 
sec. B.1.3., and we will make the same assumption as was made there 
(eqn. B-4), i-e. 
)   Aefe 
sf3(e. = 








using eqns. (B-16) and 	9 in (B-9): 
vAR , Of) 	s.D 2'03k)a_--0 7- 	sp 2 (Ec_)(C 1 - 	V- cov(r2R) E-) 
3.-TLE,:j 
sp2. a-R" ) 2- 	ttj 
— 2 I 	) 	 Z 	°Y(eR) Ej 
Examining eqn. (B-20) shows many terms similar to those for Case 1, 
eqn. (B-9). In particular, terms 	+ (B) + 0:,) are the same as 
eqn. (B-9), except for the -4 in (D. Unfortunately, however, our 
efforts to rewrite eqn. (B-20) in some simpler form, either equivalent 
to eqn. (B-9), or with differences which can be easily explained, have 
thus far been unsuccessful. Considering the possibility that the definition 
in eqns.(B-4) and (B-18) is not correct, we thus define the cost 
coefficients for the individual cross sections in the following section. 
B.2.3. One Independent Variable, with "k-reset" Mechanism in Cost 
Coefficients for Individual Cross Sections 
A further approach to compare cases 1 and 2 would be to use the 
cross sections as the basic parameters, rather than the integral 
parameters. For this approach the cost sensitivity associated with 
the k-reset mechanism is perhaps easier to define, since it can be 
associated with each cr. . 
Thus, the basic equation to use is that of eqn. (5) of ref. [B3]: 
Co 
(B-21) 
To show that this is the equivalent of eqn. (2), Appendix A, we 
note that eqn. (12) of ref. [B3] in its full form is: 
6A: — 
Thus eqn. (B-21) becomes 
(B-22) 
.) 
7r:h 	LZ: 	• 	(B-23) 
• c oY [64.3°Ti 
a 
3 64. I r 
B-9 
Changing the order of summation 
4 	 IN-Tst GOV (76C5-4) 
--°-:
\/0/416]= 	
• A ) 4. 
As defined in eqn. (3) of Appendix A, the second summation in 
eqn. (B-24) is COV(Ik ,Il). Thus eqn. (B-24) becomes 
V i4 2 (4) "c")\/ (7k, 	) t 	t 
which is identical to eqn. (2) of Appendix A. 
(B-24) 
(B-25) 
Returning to the problem of writing eqn. (B-21) with k-reset 
mechanism included, we face the problem of defining 	 including 
the k-reset effect. If we assume only one independent variable, BR, 
with k-reset (see ref. 5, Appendix A): 
f3R 
	
P_ 	 (B-26) 
c5-A: • 
where b is defined in eqn (B-11a). 
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If we assume that 
3 E, 
ty 	 — 	0— . A ate- 
 eqn. (B-27) can be rewritten as 
ER 	)c. 	eiz 3 1. 	 , A All +. 
3 <5-A. If- )43-A: a f,; e t_ 	IS FC- 	0-"A: 	E4 c_ 
g) 
3 c_c_ 	eR 3 02 
If we now use this expression in eqn (B-21), we get 











We note that for case 1, with two independent but correlated 
variables, BR and E c_ , using eqn. (B-23): 
VA ( 4)  
(B-32) 
(B-33) 
Comparing eqns.,,(B-32)and (B-33), we see that while the expression 
(3-31), 
for Case 2 contains all the terms of Case 1, i.e. terms 0 and 0 , 
it also contains an extra term (C) , which appears in many cross-products 
in eqn. (B-32). As is done for eqns. (B-21) through (B-25), terms in 
eqn. (B-32) involving 0 and 0 alone could be rewritten as functions 
of the integral parameters 	and Il. However, terms involving E) 
still remain only for case 2, and until now our efforts to rewrite 
eqn. (B-32) have not resulted in a form which provides a simple physical 
explanation for the difference in the results for Cases 1 and 2. 
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August 1, 1979 
MEMORANDUM 
TO: 	C. R. Weisbin and M. L. Williams (ORNL) 
04- 	P- t, 
FROM: 	J. M. klltelz, P. Levin, and M. Segev 
SUBJECT: Progress Report on Work for ORNL Subcontract 3986, 
Period July 1 - 31, 1979 
1. Summary  
1.1 Accomplishments for Report Period  
o EPR1-CELL calculations for BAPL-1, -2, and -3 assemblies have been 
accomplished, using both the NAI [ 2] and transport-corrected 
ENDF/B-IV [3] libraries. The input prepared can be used for repeat 
runs when modifications presently being incorporated in EPRI-CELL 
at ORNL are completed. An analysis of the present results has 
contributed to the understanding of the code and benchmarks, and 
has revealed some apparent discrepancies in the code which must be 
resolved. 
o A sample CPM run provided by Odelli Ozer was successfully executed 
on the Berkeley CDC 7600. The results and program description are 
presently being studied, to prepare for the task of initiating CPM 
on the ORNL IBM-360. 
o A review has been performed of cross section preparation methods 
in EPRI-CELL. The results of this review have been reported in 
ref. [4]. 
-2- 
o Information has been gathered concerning the use of the entire 
ARMP package at various sites. Based on our inquiries, use of the 
version operating on the BNL CDC 7600 appears attractive. 
1.2 Plans for Next Month's Work  
o EPRI-CELL calculations will be performed for mixed oxide criticals 
[10,11] and isotopics of PWRs [12-14]. When the modifications 
presently being incorporated into the ORNL version of EPRI-CELL 
are completed, these calculations and those for the BAPL-1 through 
-3 uranium oxide assemblies will be repeated and analyzed. 
o Calculations with the Berkeley version of CPM will be continued, 
beginning with a BAPL-1 cell for comparison with EPRI-CELL and 
other CPM calculations [51. As soon as the CPM FORTRAN source 
arrives from EPRI, work will begin on initiating this code on the 
ORNL IBM-360. 
o Related to the initiating and testing of CPM, we will start work on 
the development of an interface between NJOY [6] output and CPM 
input, because of a difference in the f-factor tabulations for the 
two codes. 
o We will continue our investigations concerning the most practical 
location to perform a complete reactor calculation using the 
entire ARMP package. If the associated administrative problems 
can be resolved this month, we will initiate such a calculation, 
similar to that performed at BNL [15]. 
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2. EPRI-CELL Calculations  
2.1 BAPL Models and Integral Parameter Results  
EPRI-CELL calculations were performed on the ORNL IBM-360, using both 
the NAI [2] and transport-corrected ENDF/B-IV [3 libraries. Since 
modifications to EPRI-CELL have been initiated at ORNL after we started 
this series of calculations they will have to be repeated when the 
modifications are complete. Nonetheless, an analysis of the present 
results contributes to an understanding of the code and benchmarks, and the 
prepared input can be used for the reruns. 
The results reported in this section are all from runs performed 
before July 20, when code modifications were initiated to incorporate 
McFarlane's correction for flux-volume weighting of the GAM cross sections 
[4], 
The models used, described in Table 1, are from 17]. The lattices are 
triangular, and the outer radius of the equivalent cylindrical cell was 
calculated using   
= 	---- 
Rcell 2 n- 
where P is the pitch. The Dancoff correction was calculated using Sauer's 
approximation [8] with E t 
= 1.49 cm 1 . The resulting Dancoff corrections 
are 0.2688, 0.2172, and 0.1586 for BAPL-1, -2, and -3 respectively. 
The BAPL-1 code input was adapted from MacFarlane [9]. To be consis-
tent with his results, the 0.02 cm void was replaced by clad; this results 
in an atom density 5.6% larger than for a smeared density considering the 
volume ratios of the clad and vacuum. Furthermore, his oxygen density 
input is slightly in error in the moderator region (.0338 should be .03338) 
but this should have a negligible effect on the calculation. 
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Since the spatial mesh used by MacFarlane and for our calculations 
seemed rather coarse, the least dense case, BAPL-3, was repeated with a 
spatial mesh four times finer. The changes in the results were negligible, 
the fine mesh case giving results differing from the original mesh by 
+0.04%, - 0.2%, and - 0.09% for keff' 6 25' 
and p 28 , respectively. 
The results for the original mesh are given in Table 2. For the NAI 
cross sections, our BAPL-1 results compare excellently with those of 
MacFarlane, run at LASL [9]. Since our calculations were performed before 
the above-mentioned code modifications were initiated at ORNL, this 
presumably means that for MacFarlane's NAI results reported in [9], this 
correction had also not yet been applied. It is not clear why MacFarlane's 
ENDF/B results for k
eff 
of BAPL-1 in [9] do not agree with the lower values 
reported in [4] and [16], particularly since Williams shows in [16] that 
the transport correction has negligible effect on this value. Possibly 
MacFarlane was in the process of initiating his correction to EPRI-CELL at 
the time, and has since made improvements there too. 
The other results are of general interest, e.g. the NAI results for 
keff 
are good for all assemblies, while those for ENDF/B are all 2 - 3% 
lower. It is expected [4 ] that the flux-volume correction for GAM will 
improve the ENDF/B values, but it is not clear why the same corrections are 
not necessary for the NAI case. For the other results, the largest 
deviations between calculation (C) and experiment (E) are those for ENDF/B 
P28' with (C-E)/E values of + 15% - 20%. The influence of the MacFarlane 




values for groups with large resonances will be the most 
noticeable effect of the correction, thus improving the (C-E)/E results. 
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2.2. 	EPRI-CELL Result Discrepancies for Same Supercell Case, but 
Different Edit Cell  
A BAPL-1 case was run with only the edit cell changed from the 
supercell to fuel only. The following inexplicable changes occurred in the 
GAM macroscopic cross sections: 
(a) The E a upper 4 group values are higher by up to 1% for the fuel 
edit. 
(b) The E
t values for the upper 10 groups are higher by 2 - 3% for 
the fuel edit. 
Furthermore, the resulting fast flux is reduced by 2 - 3% in the 
groups with the highest flux values (6 - 10) for the final edit case. Due 
to normalization the remaining fast and thermal flux values are about 0.2% 
higher for this case, while the two group supercell k
eff increases by 0.1%. 
Similar discrepancies were observed for the NAI cross sections, and for 
both sigma sets these cross section discrepancies for the above mentioned 
high groups were identical for runs before and after the initiation of 
code modifications on July 20. 
We have a similar set of cases run on the Berkeley computer which does 
not exhibit the above discrepancies. This apparently indicates that the 
above-discrepancies are an error in the ORNL version, independent of the 
present modifications being made. While the effect is not large for the 
case considered, the results suggest the possibility of variable overflow 
into other data memory because of inadequate dimensions, and the problem 
should at any rate be resolved. 
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2.3. Differences Observed After Initiation of EPRI-CELL Modifications  
Since the modification to EPRI-CELL to incorporate the MacFarlane 
flux-volume weighting correction for GAM are not yet complete, this 
section gives results observed so far merely to raise several questions. 
As an example, BAPL-1 was run on July 24. As expected the modifica-
tion to that date influenced the GAM sigma values, with both absorption and 
fission cross sections below group 25 (below 24.8 kev) being changed from a 
July 12 calculation. For ENDF/B, the new run had increases of up to 8% in 
E
a
, and 130% fo
r E
f' 
in the resonant groups, e.g. 51, 53, 57. Results for 
NAI sigma had the same trends, but the observed changes were much smaller, 
and start at a lower energy (group 48). This raises several questions: 
(a) Why does the correction raise E a and E f ? It appears physically 
that: these values should be lowered, because of flux depression in 
the pin. 
(b) Why are the changes so much greater for ENDF/B than for NAI? 
3. Information Concerning Usage of the ARMP Package  
The following information was obtained through discussions with Burt 
Zolotar and Odelli Ozer at EPRI, Dave Diamond at BNL, and various Georgia 
Tech computer staff members. 
3.1 Sites Where We Can Use ARMP  
There are 	three sites available for DOE users of ARMP, namely 
Berkeley, ANL and BNL. Burt Zolotar said that the ARMP package was sent to 
DOE, and they are assigning responsibility for initiation. 
At Berkeley, Burt is only sure that EPRI-CELL, CPM, and PDQ are 
working. The former two codes were initiated by EPRI, while Burt believes 
Ron Omberg at HEDL has responsibility for initiation of the entire package. 
The exact status is not yet known, since I have not yet reached Ron. 
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At BNL, the entire package is running, and Dave Diamond's group has 
done an entire reactor case similar to that which we wish to perform [15]. 
Dave has given me the names of two staff members who use the code and the 
individual responsible for maintaining it, all of whom we could contact for 
advise when needed. Also, he says their CDC-7600 is simple to access 
remotely, and uses the standard CDC system. 
At Georgia Tech we could access ARMP on CDC's CYBERNET, since we have 
a CYBER-74 computer. ARMP is available without royalty cost to all 
CYBERNET users. However, we would have to pay commercial computer use 
rates, which would be much more expensive than using DOE computers. This 
option might be attractive for a "one-time" test calculation. 
Presently, it appears that BNL is the most attractive site for our 
purposes, but we are examining this question furter. 
3.2. Comments on ARMP Usage  
Burt 2olotar says that a simple ARMP user's handbook, treating 
practical questions of modeling, etc., should be distributed next week, 
along with a PDQ manual which is specifically for the ARMP version. We 
should try to get these documents promptly. 
Regarding SIMULATE, which is presently being considered as a tool for 
your optimization program at ORNL, Burt says SIMULATE should supplement 
EPRI-NODE-B and -P, rather than replace them. He anticipates that 
companies will continue to use EPRI-NODE for scoping calculations. For 
PWR's, they have not yet used SIMULATE. For BWR's, they run CPM and edit 
an output file to generate cross sections for SIMULATE. 
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For PWR's, he believes that utilities will continue to use EPRI-CELL 
and PDQ, so they periodically use them for pin-by-pin calculations for 14 
core, to get very accurate results. Therefore
, 
Burt believes that 
individual assembly PDQ calculations will probably be used to generate PWR 
cross sections for SIMULATE, by way of modified versions of EPRI-FIT and 
SUPERLINK-P. The necessary modifications to the latter codes have not yet 
been made. 
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Table 1. Models for BAPL-1, -2, and -3. All values except the moderator 
outer radii are from Ref 6. The lattices are triangular. 
A. Common Characteristics (cylindrical geometry) 
Region Outer Radius (cm) 	Isotope 
Concentration 
(1024 atoms/cm3 ) 
Fuel .4864 
235
U 3.112 x 10-4 
238
U 2.3127 x 10 2 
-2 
0 4.6946 x 10 
Void .5042 
Clad .5753 Al 6.025 x 10
2 
Metier :c (see B.) 0 3.338 x 10-2 
H 6.676 x 10-2 










BAPL-1 1.5578 0.8179 32.59 
BAPL-2 1.6523 0.8675 35.47 
BAPL-3 1.8057 0.9481 34.22 
* 
Values given are those used in our calculation. Ref. 5 gives their 
uncertainty as 0.15, 0.18, and 0.13 for BAPL-1, -2, and -3, 
respectively. 
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Table 2. Some results for BAPL critical assemblies. Calculated results are 
for the ORNL EPRI-CELL version prior to initiation of modifications 
of 20 July, with the exception of McFarlane's results from Ref. 9a. 
(C-E)/E values are given in square brackets. 
Parameter Source BAPL-1 BAPL-2 BAPL-3 
Ref. 9a 
keff NAI .9998 .9984 .9989 .9980 
ENDF '1.0025 .9713 .9759 .9797 
EXP .085 (+2.4%) .068(+1.5%) .052(+1.9%) 
11 NAI .0810 .0810 .0662 .0510 
/I 11 [-4.8%] [-4.8%1 [-2.6%] [-1.3%] 
ENDF .0809 .0807 .0659 .0507 
II II [-4.8%] [-5%] [-3.1%] [-2.5%] 
P 28b 
EXP 1.39 (+0.7%) 1.12(+0.9%) .906(+4.1%) 
NAI 1.353 1.353 1.130 .891 
[-2.7%] [-2.7%] [+0.9%] [-1.6%] 
ENDF 1.371 1.597 1.334 1.053 
It 11 [-1.4%] [+14.97] [+19.1%] [+16.2%] 





are the ratio of epithermal to thermal reactions for U-235 
fission and U-238 capture, respectively. 
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MEMORANDUM 
TO: 	C. R. Weisbin and M. L. Williams (ORNL) 
FROM:   J. M. KallfelT and P. Levin 
SUBJECT: 	Progress Report on Work for ORNL Subcontract 3986, 
Period August 1-September 10, 1979 
1. Summary 
1.1 Accomplishments for Report Period 
• EPRI-CELL calculations for six mixed-oxide criticals [1,2] have been 
performed and analyzed. These calculations were repeated after the 
successful incorporation at ORNL of MacFarlane's disadvantage correc-
tion [3] and an improved thermal iteration scheme in EPRI-CELL. Our 
calculations thus yielded information on the influence of these im-
provements. 
• CPM 15,6] has been initialized on the ORNL IBM-360, and cases for 
BAPL-1 [7] and three mixed oxide criticals [1,2] have been run at ORNL 
and/or on the Berkeley CDC-7600. The results are essentially identi-
cal for the two computers, and they have been analyzed and compared to 
results from EPRI-CELL, and those reported in NP-691 [2]. We have 
initiated a study of the problems of interfacing between NJOY [10] 
output and CPM input, which must be resolved to utilize ENDF/B-V cross 
sections in CPM. 
1.2 Plans for the Work through September 30 
• EPRI-CELL calculations for BAPL-1 through -3 [4,7] and the MO, 
lattices will be repeated with the modified version of the code, and 
analyzed. 	Investigations of isotopics of PWRs [11-13] utilizing 
EPRI-CELL will also be initiated. 
• Work on the development of an interface between NJOY [10] and CPM will 
be continued. 
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2. EPRI-CELL Calculations  
2.1 Results for Mixed Oxide Lattices  
Table 1. presents EPRI-CELL results for ENDF/B-IV cross-sections [9] 
for six mixed-oxide lattices [1,2]. The six cases involve three different 
lattice pitches, with unborated and borated moderator for each pitch. 
Besides keff' the parameters reported are: 
	
P28 
	epi-thermal to thermal U-238 capture rate. 
25 
= epi-thermal to thermal U-235 fission rate. 
28 	
U-238 fission rate to U-235 fission rate. 
CR = U-238 capture rate to U-235 fission rate. 
The B
2 
values used for the calculations are those of Table I of NP -691 
[2]. The spatial mesh used for all the EPRI-CELL calculations had three, 
two, and three points in the fuel, clad, and moderator regions, 
respectively. This is the same number of points used by MacFarlane [14] in 
his analysis of BAPL-1. As we indicated in last month's report [4], BAPL-3 
was repeated with a spatial mesh four times finer, giving negligible 
changes in its calculated parameters. Nonetheless, the mixed-oxide 
assembly pin radius and lattice pitches are somewhat larger than for BAPL-
3, so this effect will be checked. 
Unless indicated otherwise, all EPRI-CELL results reported in this 
memorandum are for an improved version of the code which made operational 
at ORNL on 31 August, which included an improved iteration scheme in the 
thermal range, and an option to calculate MacFarlane's disadvantage cor-
rection [3]. 
The results reported in NP-691 are also calculated using ENDF/B-IV 
cross sections. Experimental results for the above ratios are not reported 
Table 1. Results for MO 2 Lattices from NP-691 and 196, 
for ENDF/B-4 Cross Sections 
Lattice 
k
eff 	 p28 	 S25 	 S28
CR 
 
a N HEC 	 EC 	NP 	EC 	NP 	EC 	NP 	EC 	NP 
.990 .993 5.78 5.51 .326 .308 .482 .460 3.55 3.45 
.995 1.001 2.38 2.23 .127 .120 .257 .242 2.03 1.95 
1.012 1.003 2.87 2.71 .154 .148 .295 .281 2.29 2.20 
1.016 1.006 1.65 1.54 .0870 .0825 .196 .185 1.65 1.58c 
1.014 1.000 1.99 1.86 .106 .101 .228 .216 1.83 1.76c 
(a) EPRI-CELL results, for Pu-239 x(E), B1, with MacFarlane's disadvantage factor. 
(b) Calculated results from NP-691. ANISN was used for the k
eff 
calculations, and 
presumably also for the other parameters. 
(c) NP-691 values assumed to have only decimal point error, and hence multiplied by 
ten in this table. 
U-L266 (low 












for the mixed-oxide lattices. The document [2] indicates definitely that 
the k
eff 
results are from ANISN. We have been unable to determine posi-
tively that ANISN is also the code used for their other calculated results, 
although from the wording in the report[2] it appears probable that this is 
the case. 
As can be seen, the keff values for EPRI-CELL (EC) and NP-691 (NP) 
differ up to about 1.5% for some cases. In general the NP results are 
closer to 1.0, particularly for the high pitch lattices. Possibly for 
these cases a refined mesh spacing will improve the EC results. The values 
for the reaction rate ratios are consistently higher for EC than for NP. 
For 6 25' 
6
28 
and CR this could be caused by a lower U-235 fission rate for 
EC. 
Calculations and analysis of these lattices will be continued to 
investigate the above effects. 
2.2 Influence of Different Cross Sections and Methods for EPRI-Cell  
Calculations  
Table 2. compares EPRI-CELL results for U-L266, using the NAI [8] and 
ENDF/B-4 [9] cross section libraries. The details of the generation of the 
NAI library are not clear to us, but we believe that MacFarlane's disadvan-
tage correction (DISAD) should be applied; the table indicates NAI results 
with and without this correction. As can be seen, with the exception of 
6
25 
the NAI reaction rate ratios are appreciably lower than those of 
ENDF/B-4, and the NP results of Table 1. Including DISAD reduces these 
ratios, while keff is increased by about 0.9%. A calculation of assembly 
U-L189 made by 26 August, when the DISAD routine was still being debugged, 
indicated a change in k eff of 1.6% when this correction was applied. 
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Table 2. 	EPRI-CELL Results for 




DISAD NO DISAD 
k. 1.2800 1.3247 1.3137 
k
eff .9979 1.0318 1.0231 
P 28 5.412 4.595 4.825 
8 25 .3044 .2969 .3061 
8
28 .4613 .4360 .4390 
CR 3.401 3.037 3.139 
(a) DISAD signifies that MacFarlane's disadvantage factor 
calculation has been included. 
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In comparing the results of Table 2 the difference in the basic data 
source of the two libraries should be considered. While we can not find a 
definite statement in the documentation, it appears thast most of this 
library is based on ENDF/B-II. However, there are exceptions, e.g. for our 
NAI calculations the U-238 cross sections were based on ENDF/B-I. 
The following changes were observed in the results, for runs made 
before the 31 August version of the code was completed, but for which DISAD 
was not calculated. Using X(E) from Pu-239 instead of U-235 decreased k eff 
 by 0.6% and 0.2%, for U-L189 and U-L266, respectively, and increased 828 by
about 7% for both these assemblies. Using the P1 option instead of Bl 
decreased k
eff by 1.2% for U-L189. 
Finally, we compare in Table 3 the number of iterations to convergence 
in the thermal range for runs made with the "old" and "new" (31 August) 
version/iteration schemes. The "old" runs were made on 27 August, and did 
not include DISAD, while for the new runs DISAD was calculated. Since the 
print-out for the two convergence routines is not the same, we cannot 
compare the calculated convergence criteria. 
3. CPM Calculations  
3.1 BAPL-1 Results  
This critical was calculated with CPM as a Pin-Cell (since it is an 
hexagonal lattice, and CPM treats square lattices only). The results are 
given in Table 4 along with previous EPRI-CELL results (NAI cross-section 
library). There seems to be good agreement between calculations of k and 
k
eff 
(within 0.5%). The rest of the CPM results are for a critical  
spectrum, while the EPRI-CELL results are for the spectrum of the calcu-
lated keff (quite close to critical). The maximal deviation is less than 
Results obtained prior to the installment of MacFarlane's disadvantage 
factor in EPRI-CELL. 
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Table 3. 	No. of Iterations to Convergencea 
Assembly. 	 Older 	 Newer  
	
U-L266 	 27 	 6 
U-L250 	 38 	 6 
U-L189 	 65 	 10 
U-L212 	 77 	 10 
a) See text 
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Table 4. Results of CPM BAPL-1 Pin-Cell Run 
Compared with EPRI-CELL Results a 
A. Integral Parameters  
EPRI-CELL 	CPM 
koz, 
	 1.1354 1.1356 	(+.01%) e 
k
eff 
	 .99975 	.99480 	(-.5%) 




.88053 	.88305 	(+.9%) 
Leakageb .11947 	.11695 	(-2.1%) 
d 6
25 	 .081 c 	
.085 	(+4.3%) 
P 28 	
1.353c 	1.368d (+1.13%) 
B. Spectral Comparison 
g45 f 	
EPRI-CELL 	CPM 
g = 1 	 .9425 	.9390 	(- .4%) 
2 	 1.2838 	1.2991 	(+1.2%) 
3 	 .9812 	.9493 	(-3.2%) f 
4 	 .1208 	.1380 	(+14.2%)
f 
3 + 4 	 1.1020 	1.0874 	(-1.3%) 
d) 2 group EDIT 
e) Numbers in parentheses are the relative deviation 
of CPM from EPRI-CELL 
f) The boundary between groups 3 and 4 is 1.855 eV and 
2.10 eV for EPRI-CELL and CPM, respectively. 
a) NAI Cross Section Library 
b) Normalized to 1 neutron lost 
c) 5 group EDITI1 (.625 eV cutoff) 
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5%. There are some minor spectral changes, as indicated in Section B of 
the table. 
The CPM fundamental mode was calculated in the Bl approximation. A 
rerun with the P1 approximation indicated very minor changes: k
eff 
is 
reduced by 0.5%. That is due mainly to a larger fast leakage (0.9% 
increase). 
3.2 Mixed Oxide Criticals  
The three unborated mixed oxide criticals (Nos. U-L266, -L189, -L282) 
[1,2] were calculated with CPM as pin cells. The geometrical details are 
similar to those used in EPRI-CELL (including the same number of points per 
region). 
The results are given in Tables 5,6, and 7 compared with EPRI-CELL 
runs and NP-691 [2] results. 
k of CPM is higher by 0.8-1.2% than the reference, (NP) [2], and is 
also higher by 0.9-2.3% than EPRI-CELL. For both comparisons the devia-
tions decrease when the moderator to fuel ratio is increased. k
eff is less 
consistent, with deviations up to 2.4% from NP. The deviation from EPRI-
CELL decreases from + 0.8% to - 0.3% with increasing pitch. 
The results for the reaction rates deviate up to 8.5% from NP. The 
deviation from EPRI-CELL is smaller except for p 28 (up to - 10.3%). 
The thermal cell disadvantage factor 4)
M/4) F as calculated in CPM is in 
agreement with THERMOS and HAMMER calculations (Table IXa of [2] as shown 
below: 
	
U-L266 	 U-L189 	 U-L282  
Thermos 	 1.342 	 1.406 	 1.453 
CPM 	 1.349 	 1.420 	 1.475 
Hammer 	 1.373 	 1.430 	 1.483 
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Table 5. 	Comparison of CPM and EPRI-CELL* 
for MO2 Critical #U-L266 
(Pitch = 1.778 cm) 
CPM 	 EPRI-CELL NP-691** 
k co 1.3092 1.2800 1.2935 
k
eff 
1.0059 .9979 .9827 
P 28 
4.856 5.412 5.110 
(S
25 
.3042 .3044 .2876 
5
28 
.4690 .4613 .4413 
CR 3.173 3.401 3.278 
Table 6. 








Comparison of CPM and EPRI-CELL* for 
MO2 Critical #U-L189 
(Pitch = 2.210 cm) 



















*ENDF/B-4 Library, with MacFarlane's Disadvantage Factor 
**Calculation using ENDF/B-4 data, presumably with ANISN 
Table 7. Comparison of CPM and EPRI-CELL for 
MO2 Critical #U-L282 
CPM 
(Pitch = 2.515 cm) 
EPRI-CELL* NP-691** 
k.... 1.3778 1.3657 1.3666 
k
eff 
1.0135 1.0165 1.0059 
P 28 1.497 1.654 1.543 
o
25 .0876 .0870 
.0825 
d28 
.2007 .1962 .1850 
CR 1.578 1.647 1.582*** 
*ENDF/B-4 Library, with MacFarlane's Disadvantage Factor 
**Calculation using ENDF/B-4 data, presumably with ANISN 
***Reported, apparently erroneously, as .1582 in NP-69I 
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